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( $g/\omega^{2}$ , 1/\mbox{\boldmath $\omega$} )
$\partial_{t}\rho+\nabla\cdot(\rho v)$ $=$ $0$ (3)
$\theta_{t}v+(v\cdot\nabla)\mathrm{v}$ $=$ $\hat{z}(\Gamma\sin\iota-1-\lambda)-\frac{1}{\rho}\mathrm{v}P+\frac{1}{R}[\nabla^{2}\mathrm{v}+\chi\nabla(\nabla\cdot v)]$ (4)
2 $\lambda$
Lagrange multiphher $\mathrm{r}\text{ }$ \mbox{\boldmath $\lambda$}
\mbox{\boldmath $\lambda$} $=0$ $\lambda=\Gamma\sin t-1$ (4) –
3 R
Reynolds number \mbox{\boldmath $\chi$} $P$ (1)
3.2
(3),(4) ( ) –
–
$\Delta(t)$





\mbox{\boldmath $\lambda$} $=\Gamma\sin t-1$ $\rho=0,$ $v=0$ \Gamma \Gamma $<1$
Fixed bed
\rho $=\rho 0$ , v=Vrej(t)’
[3]
$.\text{ }$ $(t_{0}+. 2n\pi<t<t_{1}+2n\pi)$ \rho
$-$
$\ddot{\rho}_{q}+B(q)\dot{\rho}_{q}+ic(q)\dot{\rho}_{q}+D(q)\rho_{q}+iE(q)\rho q=iL_{q}(\mathcal{T})\dot{\rho}_{q}+M_{q}(\mathcal{T})\rho q+iNq(\tau)\rho_{q}$ (6)
$B(q)$ $=$ $\hat{R}^{-1}(\hat{\pi}^{2}m^{2}+q)2$ , $C(q)=2q.\sqrt{\Gamma^{2}-1}$ (7)
$D(q)$ $=$ $T_{e}(q^{2}+ \hat{\pi}^{2}m)2-\frac{3}{2}q\Gamma 22+q2$ , $E(q)=-q+\sqrt{\Gamma^{2}-1}\hat{R}^{-1}q(\hat{\pi}^{22}m+q^{2})$ (8)
35
$L_{q}(\tau)=2q[\tau+\sqrt{\Gamma^{2}-1}\cos \mathcal{T}-\sin\tau],$ $M_{q}(\tau)=-2q^{2}(\Gamma^{2}-1)\cos\tau+2q^{2}\sqrt{\Gamma^{2}-1}\sin \mathcal{T}+$




$L_{q}( \tau)\simeq<L_{q}>=\frac{1}{\eta)}\int_{\mathit{0}}^{\eta)}d\tau L_{q}(\mathcal{T})$ (\tau 0=tl-t0)
$\sigma_{eff(q})=\mathcal{T}0\{(\tilde{E}-\frac{B\tilde{C}}{2})^{2}-B^{2}(\tilde{D}+\frac{\tilde{C}^{2}}{4})\}+(2\pi-\tau_{\mathit{0}})(-B^{2}D\mathit{0})$ . (9)
$\text{ _{ } }\tilde{C}=c(q)-<L_{q}>,\tilde{D}=D(q)-<M_{q}>\mathrm{a}\mathrm{n}\mathrm{d}\tilde{E}=E(q)-<N_{q}>$
(9) $\text{ }$ \tau 0
$2\pi-\tau 0$
$\sigma_{eff}(q)$ $\mathrm{r}$ 1
1) $\Gamma>\Gamma_{\mathrm{c}}\text{ }\sigma_{eff}$ qm
Gamma=rc – qc








32 $\cross 32$ Crank-Nicolson Runge-Kutta














[1] review8, e.g. H. M. Jaeger, S. R. Nagel and $\mathrm{R}.\mathrm{P}$.Behringer, Physics Today 49, 32
(1996); H.Hayakawa, H. Nishimori, S. Sasa and Y-h. Taguchi, Jpn. J. Appl. Phy8.
Part 1, 34, 397 (1995).
[2] $\mathrm{J}.\mathrm{T}$ .Jenkins and $\mathrm{S}.\mathrm{B}$ .Savage, J.Fluid Mech. 130, 187 (1983).
[3], H.Hayakawa, S.Yue and $\mathrm{D}.\mathrm{C}$ .Hong, Phys Rev Lett 75, 2328 (1995).
[4] $\mathrm{N}.\mathrm{F}$.Carnhan and $\mathrm{K}.\mathrm{E}$.Starling, J.Chem Phys. 51, 635 (1969).
[5] T.Ohtsuki, $\mathrm{u}\mathrm{n}\mathrm{p}_{\mathrm{U}}\mathrm{b}\mathrm{l}\mathrm{i}\S \mathrm{h}\mathrm{e}\mathrm{d}$.
[6] H.Hayakawa and $\mathrm{D}.\mathrm{C}$ .Hong, in preparation.
[7] H.Hayakawa and $\mathrm{D}.\mathrm{C}$ .Hong, to be published in Int.J.Bifurcation&Chaos.
37










10000 20000 30000 40000
$\uparrow$
(b) 10
FFIIGG. 11. Ihe $\mathrm{e}\mathrm{I}$ fective growlll rate $rr_{\mathrm{c}}\mathrm{r}|(t/)$ as a function of the . . . . . . , , , ,
wwaavvee lllluummbbeerr $q$ ffoorr $1^{\neg}=1.05$ (diamonds), for which $c\prime_{\mathrm{e}\mathrm{I}\mathrm{f}()}C/<$ 9. . , , , , , , , , , , . . . . . . . . $\sim\sim \mathrm{c}\backslash \backslash \backslash$ . . .
$0$ fffbborrr aaallllll vvvaaallluuueeesss ooofff $q$ . For $1^{\urcorner}=1.2>\Gamma_{e}=1.12,$ $\sigma_{\mathrm{c}}\mathrm{r}r(C/)$ , . . . . $\mathrm{s}$ $\mathrm{s}\sim \mathrm{c}\mathrm{s}\backslash \backslash \backslash \backslash$
becomes $\mathrm{I}$)$0.\backslash \mathrm{i}\mathrm{l}\mathrm{i}\mathrm{v}\mathrm{e}$ for aband of ${}^{t}l$ (squarcs). $1_{C}^{\urcorner}$ . is dctennined
$\prime\prime\prime\prime\prime\prime\prime\prime\prime$ ’ $\sim\sim$
$\backslash \backslash \backslash \backslash \backslash \mathrm{t}$
8 ’ ////””” -. . . . $\backslash \sim\sim \mathrm{s}\backslash \backslash \backslash \backslash \backslash \iota$ $.by the condition thal the maximum of $\sigma_{\mathrm{c}\mathrm{I}1}.(q)$ becomes -. . . . $-$ $\sim\sim\backslash \backslash \backslash \backslash \backslash \backslash \mathrm{t}$ .
zero at $1_{C}^{\urcorner}$ (crosscs). The [$)_{\dot{(}}1^{\cdot}i\mathrm{t}\Pi 1\mathrm{C}\mathrm{l}\mathrm{e}1^{\cdot}\mathrm{S}$ used $i\mathrm{t}1^{\cdot}\mathrm{c}7_{e}’\Rightarrow li=10$ . , , , $,$ $/””arrow–$ -. . , $-$ -\sim $\sim\sim\backslash \backslash \backslash \backslash \backslash \iota\iota$ ‘
7 ’ $t\prime JJJ\prime J\wedge’arrow-$alld $L=10$.
$–\sim\sim\backslash \backslash \backslash \backslash \iota\iota 1$ ’
$”////JJ/$ ’–, . $i’\prime\prime--\sim\backslash \backslash _{\mathrm{Y}\backslash \backslash \backslash }1\mathrm{t}$ ,
$‘’///\prime\prime\prime’--- \mathrm{c}\backslash \iota \mathrm{t}\prime\prime\prime-\sim\sim\backslash \backslash \backslash \backslash \{1\iota$ ,
6 $||’\iota$ } $\}(\}’,$ $\prime\prime,$$\sim-/’\sim\sim\backslash \backslash \backslash \backslash \backslash \backslash \backslash \backslash \backslash 1|||||\mathrm{t}|1\prime\prime\prime\prime\prime\prime\prime\prime\prime’arrow\sim-\backslash \backslash arrow\backslash \backslash \backslash \backslash \backslash \backslash \backslash \backslash |\backslash \iota\iota\iota\iota \mathrm{t}|$
5
$|\iota|1\mathrm{t}||||\iota\downarrow||\iota 1||\iota|\backslash |/’|||\iota\backslash \backslash \backslash \backslash \backslash \backslash \backslash |\backslash \backslash ’|\backslash \cdot\backslash \backslash \sim..--\prime\prime-\backslash 1j’|,,|\mathrm{t}",$
$\mathrm{t}|’|,$ $1|\dagger 11\dagger|\mathrm{t}||\backslash 1\mathrm{t}||\backslash \backslash \iota^{1}|\backslash \backslash \backslash \backslash \backslash \backslash _{-\prime}||||--\cdot$
.
$\sim.\cdot\backslash \prime\prime\prime\iota\backslash \prime\prime\prime\prime\prime\prime J/l\mathrm{I}||1\iota|’/|\mathrm{I}|’/(||lt|||\int 1|\iota|$
4 . 1 $\iota(\backslash \backslash \backslash \backslash \sim$ $arrow’/\prime\prime\prime\prime\prime$ ’
$\prime\prime\prime\prime \mathfrak{l}\mathrm{t}$ $. $\mathrm{t}1\backslash \backslash \backslash \backslash$ $\backslash$ \sim - -.. $\iota$ $\mathrm{t}\backslash \backslash \backslash \mathrm{s}\backslash \sim$ $-\prime\prime\prime\prime l\mathrm{t}\backslash \backslash \sim$ . $–$ ,
$-arrow\prime\prime\prime$ ’ ’ $\backslash$3 . $i$ . $\backslash \mathrm{s}\backslash \sim$ $\backslash$ -, , , , , , , .. . . $\backslash$ $\backslash \backslash$ $\backslash$$\mathrm{c}$ , , . .
$\backslash$ $\mathrm{c}\sim$ ’ ’ . $-\prime\prime\prime a$. . . . . , ” $\ell\cdots$ . .
2 ’ $e$ ’ $\cdots$
$-$ -. . . . . . . . $-\sim,$
. . . . . .-.-. . . . . . . . . .-.–. . . . . . .
1
. . . . . . . . . . . . . .
. 2 4 6 8 10
FIG. 2. $(_{\mathrm{t}}’\iota)$ A bouncing solution. The speed $u_{\mathrm{z}}$ at a given
point is plotted as a function of time for $\Gamma=0.9$ . (b) For
$\Gamma=1.2>\Gamma_{c}=1.12$ , llle bouncing solution becomes unstable
and perlnanellt convective rolls appear inside the box. The
arrows are the velocity vectors and the direction of the anow is
the direction $\mathrm{o}\mathrm{I}^{\cdot}$ the flow. The parametcrs used in simulations
for $\langle$ $\mathrm{a})$ and (b) are the same as those in Fig. 1.
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